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Mucin Histochemical Analysis of the Ileocaecal Valve
and Lymphoid Tissues of the Terminal Ileum: Role
Against Tumour Invasion
Kaneatsu Honma, National Suruga Hospital, Gotenba-city, Shizuoka, Japan.
INTRODUCTION
The ileocaecal valve (ICV) and lymphoid tissue of the
terminal ileum are controversial regions of the intestine.1
Numerous questions remain concerning their anatomical
structures and functions.2–4 Previously, we described the
ICV and lymphoid infiltration of the terminal ileum
regarding its relationship with primary carcinoma
of the right colon in adults without any overt
immunodeficiency.5 Our findings suggest that the
ICV and lymphoid infiltrates of the terminal ileum
may, together, play both protective and local
immune roles. Many investigators have suggested
that alterations in mucin production are specific
indicators of a neoplastic or preneoplastic condition
and that such changes are positively related to
recurrence or prognosis.6–10 To our knowledge,
there has yet to be a report on the relationship
between mucin production and the lymphoid tissue
of the terminal ileum in carcinoma of the right
colon. The purpose of this study was, therefore, to
OBJECTIVES: We previously reported clinicopathological data on 78 patients who underwent a
right hemicolectomy from 1990 to 1997. Our results indicated that the ileocaecal valve (ICV) and
lymphoid tissue of the terminal ileum might, together, play a protective and local immune role against
carcinoma invasion. Furthermore, we previously reported that mucin histochemical features of the
transitional zone (TZ) might also play a role in predicting metastasis and, thus, prognosis. The aim of
this study was to examine the clinicopathological correlation between lymphoid infiltration and mucin
secretion in the terminal ileum with carcinoma of the right colon.
METHODS: According to the proximity of the tumour to the ICV, a total of 16 specimens with
lymphoid infiltration to and around (< 1 cm) the ICV were studied in order to identify the mucin
expression and histochemical features of the TZ as a prognostic indicator.
RESULTS: Patients with sulphomucin-staining tumours in the terminal ileum and ICV had a relatively
favourable course. Even when the clinical staging was the same for different tumours, greater lymphoid
infiltration in the ICV, greater staining for sulphomucin in the ICV and a relatively favourable course
were observed in nine patients. The sulphomucin-type TZ showed a favourable course as well. On the
other hand, patients with sialomucin staining of the ICV and the TZ tended to have low-grade lymphoid
infiltration and a very poor course, although two patients with moderately high-grade lymphoid
infiltration had a favourable course. Overall survival was significantly associated with the mucin type
of the ICV (p < 0.01).
CONCLUSIONS: Our results indicated that lymphoid infiltration of the terminal ileum may lead to
an alteration in mucin secretion and, thus, play a protective role in the invasive and metastatic process
of advanced right colon carcinoma. (Asian J Surg 2002;25(3):220–5)
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examine the clinicopathological correlation between
lymphoid infiltration and the alteration of mucin secretion
in the terminal ileum in carcinoma of the right colon.
MATERIALS AND METHODS
Among the 78 patients who underwent a right
hemicolectomy without receiving either neoadjuvant
chemotherapy or preoperative endoscopic treatment in
the First Department of Surgery of Ryukyu University
Hospital and affiliated hospitals from 1990 to 1997,5
there were 16 who demonstrated infiltration in and
around (within 1 cm) the ICV. All patients demonstrated
histologically verified primary adenocarcinoma of the
right colon. Specimens from the tumour and the ileocaecal
region were obtained from formalin-fixed, surgically resected
materials. The sections from each paraffin-embedded
block were used for routine histological examinations.
For lymphoid infiltration in the terminal ileum,
including the ICV, the specimens were categorized
semiquantitatively into two grades according to the degree
of lymphoid infiltration: low-grade infiltration consisted
of isolated, scattered lymph follicles, while a moderately
high-grade consisted of diffuse, aggregated lymph follicles
(Figure 1). The clinicopathological findings (tumour
location, tumour size, macroscopic type, depth of tumour
invasion, histological factors [ly,v,n] and histological
type) were all determined according to the Japanese
Classification of Colorectal Carcinoma established by the
Japanese Society for Cancer of the Colon and Rectum.11
Transitional zone
The transitional zone (TZ) was defined as the mucosa
surrounding the primary tumour within 1 cm of the
tumour margin.
Immunohistochemical study
The distribution of T-cells and B-cells in the terminal
ileum was analyzed using the immunoperoxidase method.
One representative section was stained using the avidin-
biotin complex (ABC) method, with mouse monoclonal
antibodies against human T-cells (MT-1) and B-cells (MB-1)
(Bio-Science Products, Emmenbrucke, Switzerland). The
lymphoid infiltrates (lymph follicles) were evaluated
according to the immunoreactivity of the human lymph
node in which T- and B-cells well localized and the tissue
used as positive controls.
Mucin histochemistry
All specimens were stained with high iron diamine-
alcian blue (HID-AB), which stains the cytoplasm of cells
containing sulphomucin black and those with sialomucin
blue. The number of mucosal cells present in the individual
crypts containing either the most sialomucin-staining or
sulphomucin-containing cells was determined. Each
histological section was graded according to the largest
percentage of sulphomucin- or sialomucin-stained cells.
Sulphomucin-type cancers were defined as containing
> 50% sulphomucin cells in the TZ, whereas sialomucin-
type cancers had > 50% sialomucin cells in the TZ.
Mixed-type cancers contained an equal distribution of
sialomucin cells and sulphomucin cells in the TZ.
Statistics
Comparisons between different groups were made
using Fisher’s exact test and Student’s t-test. All survival
rates were calculated using the Kaplan-Meier method and
Figure 1. Illustration of the histology showing the ileocaecal
valve, carcinoma and lymphoid tissue. (A) Isolated, scattered,
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the results were analyzed using the log rank test. Differences
were regarded as significant when p was less than 0.05.
RESULTS
Of the 16 cases of right colonic carcinoma, seven were
caecal carcinomas and nine were colonic carcinomas.
The patients were nine men and seven women with an
average age of 65.7 years. For each carcinoma type and
tumour size, the average age, male to female ratio and
additional histological factors are shown in the Table.
In gross appearance, no diffuse, infiltrating cancer
types were observed. The ulcerated type tended to be
more predominant in caecal carcinomas than in colonic
carcinomas. No significant difference was found among
the prevalences of the histological tumour types between
the caecal group and the colonic group. The tumours
were arbitrarily divided into two groups according to the
depth of tumour invasion. The early carcinoma group
consisted of tumours that invaded the mucosa and/or
submucosa, and the advanced carcinoma group consisted
of tumours that invaded the muscularis propria and/or
beyond. There were three early carcinomas (19%) and
13 advanced carcinomas (81%). Advanced carcinomas
were predominant in caecal carcinoma. The height (length)
of the ICV was the same in both groups.
Regarding lymphoid infiltration, there were seven
moderately high-grade (100%) among the caecal
carcinomas, and four moderately high-garde cases among
the colon carcinomas (44%). The lymphoid infiltration in
the caecal carcinoma group was a significantly higher
grade than that in the colon carcinoma group (p = 0.03).
These lymphoid infiltrates (lymph follicles) were identified
as B-cell lymphocytes as a result of the ABC immuno-
histochemical study.
Four of the seven cases of caecal carcinoma and two
of the nine cases of colon carcinoma showed tumour
invasion to the muscularis interna (sphincter muscle) of
the ICV, but not beyond. Two of the six cases with tumour
invasion to the ICV revealed marked lymphoid infiltration
against tumour invasion within the ICV (Figure 2).
While the ICV mucin staining in the 16 cases (in which
the tumours bordered the ICV and corresponded to the TZ
showed sialomucin, mucin staining on the colonic side of
the ICV showed predominantly sulphomucin (Figures 3 &
4). There were 10 mixed-type (both sialomucin and
Table. Clinicopathological and histological summary of the 16 cases
Right colon Caecal carcinoma Colonic carcinoma
Number of patients 16 7 9
Age (years)(range) 65.7 (56–81) 64.7 68.4
Male:Female 9:7 5:2 4:5
Tumour
Size (cm)(range) 5.5 (2–9) 6.3 4.9
Macroscopic type
Ulcerated type 11 (68.6%) 6 5
Polypoid type 5 (31.2%) 1 4
Grade of Iymphoid infiltration
Low-grade 5 (31.2%) 0 5
Moderately high-grade 11 (68.6%) 7 4
Mucin histochemistry
Transitional zone
Sulphomucin type 10 (62.5%) 4 6
Sialomucin type 6  (37.5%) 3 3
Ileocaecal valve
Mixed (sulphomucin) type 10 (62.5%) 4 6
Sialomucin type 6 (37.5%) 3 3
Asian Journal of Surgery 223
MUCIN HISTOCHEMICAL ANALYSIS OF THE ILEOCAECAL VALVE
sulphomucin) ICVs and six sialomucin-type ICVs. Ten
patients had sulphomucin-type TZs, while six had
sialomucin-type TZs. All 10 cases of sulphomucin-type
TZs showed either sulphomucin or mixed-type ICVs. Six
of the sialomucin-type TZ cases stained for sialomucin at
the ICV (Table 1, Figures 5 & 6) and, of these, four had a
poor prognosis with metastasis. The lymphoid infiltration
in two of these four cases was low-grade. There were six
cases of Dukes B and seven cases of Dukes C, one case of
Dukes B and three cases of Dukes C that stained for
sialomucin and had a poor prognosis. Seven patients with
Dukes B and C were stained for sulphomucin while two
were stained for sialomucin, with moderately-high grade
of lymphoid infiltration. All had a favourable prognosis.
Regarding the outcome of these cases, the overall survival
was significantly associated with the mucin type  of the
ICV, the sulphomucin-type resulting in better overall
survival  (p < 0.01). No significant correlation was observed
between the histological factors (ly, v, n) and prognosis.
DISCUSSION
Ileal invasion due to colon carcinoma in the caecum
and caecocolon is extremely rare, since there is no
previous report of it in the literature.12–14 We might
hypothesize that the ICV, especially the sphincter muscle
and lymphoid tissue of the terminal ileum, may play a role
in the local reaction against carcinoma invasion from the
right colon to the illeum. In our previous report,15 the
average density of the follicles of the terminal ileum was
13.9/cm in carcinoma cases, 21.2/cm in infectious bowel
disease (Crohn’s disease, five cases and ulcerative colitis,
five cases). No significant correlation for lymphoid follicle
density was observed between the carcinoma cases and
the infectious bowel disease cases. According to the
proximity of the tumours to the ICV, a significant correlation
was observed (p = 0.015) between ≤ 40 mm of the
distance from the ICV to the carcinoma  (20.3 ± 11.5/cm)
and > 40 mm (16.03 ± 5.9/cm). Nonetheless, no significant
correlation was observed between the obstructive rate
(tumour diameter/intestine diameter) and the number of
follicles. In addition, the survival rate of the carcinoma
Figure 2. Photomicrographs revealing the ileocaecal valve
with invasive carcinoma on the caecal side and dense lymphoid
infiltrates on the ileal side (A: H&E, x 1), while demonstrating
carcinoma surrounded by markedly infiltrating lymphoid cells
(B: H&E, x 25).
Figure 4. Photomicrograph showing the ileal mucosa
adjacent to lymphoid infiltration, showing sulphomucin staining
(HID-AB, x1).
Figure 3. Photomicrograph showing the ileocaecal valve
in which the colonic side stained for sulphomucin, while the
ileal side stained for sialomucin (HID-AB, x1).
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cases was significantly associated with the grade of
lymphoid infiltration. In the submucosa of the ICV,
lymphatics with valves exist that run around the summit
of the muscularis interna from the ileal side to the caecal
side, and these lymphatic valves are directed toward the
caecal side.16 We hypothesize that both the ICV and the
lymphoid tissue of the terminal ileum might, therefore,
have a propensity to prevent tumour invasion from the
right colon into the ileum. The distribution of T-cells and
B-cells in the terminal ileum was analyzed using the
immunoperoxidase method. While we could not clarify
the direct cytotoxic role of these lymphoid infiltrates
because the lymphoid infiltrates (lymph follicles) were
identified as B-cell infiltrates,17 it may be that they produce
an antibody to a protein produced by the carcinoma.
Experimental studies have shown that the sialic acid
residues present in mucin and other glycoproteins may
play a role in the metastatic process.18, 19 Some investigators
have suggested that sulphomucin-reactive cells are
inversely related to the severity of dysplasia.9,10 In addition,
Tamai et al reported that the mucin histochemical features
of the TZ might play a role in predicting metastasis and
prognosis.20 The present study attempted to clarify the
protective and local immune roles of lymphoid infiltration
against carcinoma invasion, especially regarding mucin
production in the TZ and the terminal ileum. It is generally
accepted that the ileal mucosa stains positively for
sialomucin.21 The terminal ileum among our previous
78 cases showed a high degree of staining for sialomucin,
but the mucosa adjacent to the lymphoid infiltration
tended to show sulphomucin staining. Even when the
clinical staging was the same, the outcome for patients
with sialomucin type ICVs tended to be worse. Our data
showed that the survival rate of patients with sialomucin-
type ICVs was significantly shorter than for sulphomucin-
type ICVs (p < 0.01). These results indicate that lymphoid
infiltration of the terminal ileum may lead to an alteration
in mucin secretion, and thus, play a protective role against
the invasive and metastatic process of advanced right
colon carcinoma. It is unclear as to what biological factors
(a shift from sialomucin to sulphomucin) play a role in the
lymphoid infiltration. This invasive process may also
involve adhesion to the basement membrane and vascular
structures, the production of proteolytic degrading
enzymes and the movement of the invasive tumour cells.19
This issue should be resolved by further investigation.
In conclusion, our results indicated that lymphoid
infiltration of the terminal ileum (including the ICV) may
result in alteration of the mucosal mucin content and,
thus, appears to play a protective role in the invasive and
metastatic process of advanced right colon carcinoma.
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